3GPP TSG-RAN WG4 Meeting # 110 	    R4-2402693
Athens, Greece, 26 February – 01 March 2024

Agenda Item:	8.14.3.5
Source: 	Ericsson
Title:	On performance requirement for carrier phase measurement based positioning
Document for:	Approval
Introduction
RAN4#109 closed the core part of the Rel. 18 WI related to carrier phase measurement for UE positioning. The agreements reached in the meeting are captured in the WF document. In this contribution we present our view on the issues related to performance requirement for carrier phase measurement.
Discussion
Channel model for accuracy requirement
In the last meeting channel model for carrier phase measurement accuracy requirement definition was discussed. Based on the discussion, the following option was identified for further study.
Option 1: 
· Define accuracy requirements for DL RSCPD measurement at least for AWGN channel. 
· Define accuracy requirements for DL RSCPD measurement for Two-Tap channel based on the simulation results. For RSTD measurement, which is reported together, the existing accuracy requirements for fading channel are reused.

Simulation assumption for carrier phase measurement was agreed in RAN4#107. The agreed simulation assumptions only considered RSCPD measurement, and the channel models agreed were AWGN, TDL-A, and two-tap channel model. Results submitted by Ericsson can be found in R4-2312733. During the simulation campaign held to generate simulation results it was observed that is not possible to perform carrier phase measurement with reasonable accuracy in fading propagation condition like the one represented by TDL-A model. It is therefore our view that for DL-RSCPD measurement, accuracy requirement that are valid under AWGN and Two-tap channel models should only be defined. The simulation results submitted by companies and the simulation summary document prepared by the moderator shall be used to define the accuracy requirement for DL-RSCPD measurement.
Agreements (RAN4#108bis): 
· Define accuracy requirements for DL RSCPD measurement based on the simulation results in AWGN and Two-Tap channel. 
· RAN4 not to consider NLOS fading channel for simulation and requirements for RSCPD. 

Proposal 1: RAN4 to uphold previous agreement on channel model for RSCPD accuracy requirement and define DL-RSCPD accuracy requirement for AWGN and Two-tap channel models only. The requirements are defined for 1 sample measurements based on the simulation results submitted by the companies.
In the last meeting the following were also agreed:
Agreements:
· Define relative accuracy requirements for DL RSCP measurement.
· Update the simulation assumption of DL RSCPD measurement to accommodate the simulation for relative accuracy of DL RSCP measurement. 
· In R4-2321459, to add SINR side condition (-3, -13, -13)dB for NSample = 1 and (0, -6, -6)dB  for NSample = 1.

Similar to DL-RSCPD accuracy requirement for DL-RSCP should also be defined to be valid under AWGN and Two-tap channel models.

Proposal 2: RAN4 to define DL-RSCP relative accuracy requirement for AWGN and Two-tap channel models. The requirements are defined for 1 sample measurements based on the simulation results submitted by the companies.

PRS configuration
PRS configuration to derive performance requirement for carrier phase measurement is yet to be agreed in RAN4. In the last meeting this issue was discussed, and the following option was agreed for further study.
Option 1: 
· RAN4 to align the targeted PRS BW range for NR DL CPP in RRC_CONNECTED to that for positioning techniques specified in Rel-16 and in RRC_INACTIVE to that for positioning techniques specified in Rel-17 in regard to BW related RRM performance requirements.

When a UE is configured to perform carrier phase measurement, UE performs RSCPD with RSTD and RSCP with UE Rx-Tx measurement. While performing carrier phase measurement with the other positioning measurements, it has been agreed that the UE performs and reports per PFL and single sample carrier phase measurements only. For RSCPD measurement it was further agreed that the PFL for reference and target TRP should be the same. 
From the signalling point of view, a UE can be configured by the network to perform reduced number of sample based RSTD/UE Rx-Tx measurements when the UE is also configured to perform carrier phase measurement. Meaning that when the network configures the UE to perform reduced number of sample based RSTD/UE Rx-Tx measurement then the UE is expected to meet the corresponding accuracy requirement that is defined for PRS bandwidth larger than 48 PRBs in AWGN under the specified side condition. In the case when the network does not request UE to perform reduced number of sample based RSTD/UE Rx-Tx measurement then the UE is expected to meet the corresponding accuracy requirement that is defined for PRS bandwidth as small as 24 PRBs under the specified side condition and propagation conditions. PRS configurations for accuracy requirements of positioning measurements such as RSTD and UE Rx-Tx are different when the UE performs positioning measurement with 4 sample and 1 sample. It is therefore important to consider PRS configurations for both cases when defining the accuracy requirement for carrier phase measurements.   

Observation 1: UE can be configured to perform reduced number of samples based RSTD/UE Rx-Tx measurement when also configured to perform associated carrier phase measurement.
Observation 2: UE can be configured to perform 4-sample RSTD/UE Rx-Tx measurement when also configured to perform associated carrier phase measurement.

Proposal 3: Accuracy requirements for RSCPD and RSCP measurements in FR1 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	15
	≥ 24

	
	≥ 52

	
	≥ 104

	30
	≥ 24

	
	≥ 48

	
	≥ 132

	60
	≥ 24

	
	≥ 64

	
	≥ 132


 
Proposal 4: Accuracy requirements for RSCPD and RSCP measurements in FR2 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	60
	≥ 24

	
	≥ 64

	
	≥ 132

	120
	≥ 32

	
	≥ 64

	
	≥ 128



Side condition
Side conditions for the accuracy requirements were also discussed in the last meeting. The agreements below summarize the discussion in the last meeting. One of the remaining issues now whether DL RSCPD measurement requirements are also defined for the side condition [-6, -13]dB when the RSTD measurement is performed by the UE over 4 samples. 
Agreements:
· Define DL RSCPD measurement accuracy requirements for side condition [-3, -6] dB if RSTD measurement is done with reduced number of samples. 
· FFS: Define DL RSCPD measurement accuracy requirements for side condition [-6, -13] dB if RSTD measurement is done over 4 samples. 
Based on the observation 2 UE can be configured to perform 4-sample RSTD/UE Rx-Tx measurement when also configured to perform associated carrier phase measurement. Therefore, RAN4 should define RSCPD measurement accuracy requirement for the side condition [-6, -13]dB to address the scenario where UE is configured to perform 4-sample RSTD measurement and also DL RSCPD measurement.

Proposal 5: Define DL RSCPD measurement accuracy requirements for side condition (-6, -13) dB if RSTD measurement is done over 4 samples.

Test cases for carrier phase measurement based positioning
Carrier phase measurement is one of the new measurements introduced in Rel. 18 for NR positioning. The UE capable of performing carrier phase measurement therefore needs to be tested if it can satisfy the corresponding core and performance requirements. It shall however be noted that the UE is always configured with other positioning measurements such as RSTD or UE Rx-Tx time difference measurement when configured to perform carrier phase measurement. RAN4 should therefore discuss if the test cases to validate UE capability to meet the core requirement for carrier phase measurement are needed. Test cases to validate UE capability to meet the performance requirement for carrier phase measurement should however be defined.
Proposal 6: RAN4 to discuss if the test cases to validate UE capability to meet the core requirement for carrier phase measurement needs to be defined.
Proposal 7: RAN4 to define test cases to validate UE capability to meet the performance requirement defined for carrier phase measurement.
Report mapping for carrier phase measurement
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]RAN4 has agreed to the following on reporting range and reporting granularity for carrier phase measurements. Based on these agreements, RAN4 now needs to define the report mapping table for carrier phase measurements.  
Agreements (RAN4#107):
· Reporting range: 
· [0, 360) degrees for DL RSCP.
· FFS for DL RSCPD. 
· Granularity is FFS
· Option 1: Fixed value
· Option 2: Up to NW configuration and UE capability

Agreements (RAN4#108):
· The reporting range of DL RSCPD is [-180, 180) degrees.
· The reporting granularity for DL RSCPD/RSCP is 0.1 degree.

Agreements (RAN4#108bis): 
· Send LS to inform RAN3 the report mapping for UL RSCP which is same as DL RSCP as agreed in previous meeting.

To complete the discussion on report mapping, tables for DL-RSCPD measurement report mapping is proposed in Table 1, table for DL-RSCP measurement report mapping is proposed in Table 2, and table for UL-RSCP measurement report mapping is proposed in Table 3. 
[bookmark: _Ref158973991][bookmark: _Ref158973983]Table 1. DL-RSCPD measurement report mapping.
	Reported value
	Measured quantity value (DL-RSCPD)
	Unit

	DL-RSCPD_0000
	-180 ≤ DL-RSCPD < -179.9
	Degree

	DL-RSCPD_0001
	-179.9 ≤ DL-RSCPD < -179.8
	Degree

	DL-RSCPD_0002
	-179.8 ≤ DL-RSCPD < -179.7
	Degree

	…
	…
	…

	DL-RSCPD_1798
	-0.2 ≤ DL-RSCPD < -0.1
	Degree

	DL-RSCPD_1799
	-0.1 ≤ DL-RSCPD < 0
	Degree

	DL-RSCPD_1800
	0 ≤ DL-RSCPD < 0.1
	Degree

	DL-RSCPD_1801
	0.1 ≤ DL-RSCPD < 0.2
	Degree

	DL-RSCPD_1802
	0.2 ≤ DL-RSCPD < 0.3
	Degree

	…
	…
	…

	DL-RSCPD_3598
	179.8 ≤ DL-RSCPD < 179.9
	Degree

	DL-RSCPD_3599
	179.9 ≤ DL-RSCPD < 180
	Degree



[bookmark: _Ref158974354]Table 2. DL-RSCP measurement report mapping.
	Reported value
	Measured quantity value (DL-RSCP)
	Unit

	DL-RSCP_0000
	0 ≤ DL-RSCP < 0.1
	degree

	DL-RSCP_0001
	0.1 ≤ DL-RSCP < 0.2
	degree

	DL-RSCP_0002
	0.2 ≤ DL-RSCP < 0.3
	degree

	…
	…
	…

	DL-RSCP_3598
	359.8 ≤ DL-RSCP < 359.9
	degree

	DL-RSCP_3599
	359.9 ≤ DL-RSCP < 360
	degree



[bookmark: _Ref158974374]Table 3. UL-RSCP measurement report mapping.
	Reported value
	Measured quantity value (UL-RSCP)
	Unit

	UL-RSCP_0000
	0 ≤ UL-RSCP < 0.1
	degree

	UL-RSCP_0001
	0.1 ≤ UL-RSCP < 0.2
	degree

	UL-RSCP_0002
	0.2 ≤ UL-RSCP < 0.3
	degree

	…
	…
	…

	UL-RSCP_3598
	359.8 ≤ UL-RSCP < 359.9
	degree

	UL-RSCP_3599
	359.9 ≤ UL-RSCP < 360
	degree



Proposal 8: DL-RSCPD measurement report mapping table is defined as:
	Reported value
	Measured quantity value (DL-RSCPD)
	Unit

	DL-RSCPD_0000
	-180 ≤ DL-RSCPD < -179.9
	Degree

	DL-RSCPD_0001
	-179.9 ≤ DL-RSCPD < -179.8
	Degree

	DL-RSCPD_0002
	-179.8 ≤ DL-RSCPD < -179.7
	Degree

	…
	…
	…

	DL-RSCPD_1798
	-0.2 ≤ DL-RSCPD < -0.1
	Degree

	DL-RSCPD_1799
	-0.1 ≤ DL-RSCPD < 0
	Degree

	DL-RSCPD_1800
	0 ≤ DL-RSCPD < 0.1
	Degree

	DL-RSCPD_1801
	0.1 ≤ DL-RSCPD < 0.2
	Degree

	DL-RSCPD_1802
	0.2 ≤ DL-RSCPD < 0.3
	Degree

	…
	…
	…

	DL-RSCPD_3598
	179.8 ≤ DL-RSCPD < 179.9
	Degree

	DL-RSCPD_3599
	179.9 ≤ DL-RSCPD < 180
	Degree



Proposal 9: DL-RSCP measurement report mapping table is defined as:
	Reported value
	Measured quantity value (DL-RSCP)
	Unit

	DL-RSCP_0000
	0 ≤ DL-RSCP < 0.1
	degree

	DL-RSCP_0001
	0.1 ≤ DL-RSCP < 0.2
	degree

	DL-RSCP_0002
	0.2 ≤ DL-RSCP < 0.3
	degree

	…
	…
	…

	DL-RSCP_3598
	359.8 ≤ DL-RSCP < 359.9
	degree

	DL-RSCP_3599
	359.9 ≤ DL-RSCP < 360
	degree



Proposal 10: UL-RSCP measurement report mapping table is defined as:
	Reported value
	Measured quantity value (UL-RSCP)
	Unit

	UL-RSCP_0000
	0 ≤ UL-RSCP < 0.1
	degree

	UL-RSCP_0001
	0.1 ≤ UL-RSCP < 0.2
	degree

	UL-RSCP_0002
	0.2 ≤ UL-RSCP < 0.3
	degree

	…
	…
	…

	UL-RSCP_3598
	359.8 ≤ UL-RSCP < 359.9
	degree

	UL-RSCP_3599
	359.9 ≤ UL-RSCP < 360
	degree




Accuracy requirements for carrier phase measurement
RAN4#109 agreed to update simulation assumptions for carrier phase measurement. Detailed simulation results are submitted in our companion paper R4-2402694. In the annex of this contribution, simulation results from Ericsson are summarized and is therefore proposed to be considered while accuracy requirement for carrier phase measurement for positioning is being derived. 
    
Summary
In this contribution Ericsson view on issues related to performance requirement for carrier phase measurement is presented. The following observation and proposals summarize the discussion presented in this paper.

Proposal 1: RAN4 to uphold previous agreement on channel model for RSCPD accuracy requirement and define DL-RSCPD accuracy requirement for AWGN and Two-tap channel models only. The requirements are defined for 1 sample measurements based on the simulation results submitted by the companies.
Proposal 2: RAN4 to define DL-RSCP relative accuracy requirement for AWGN and Two-tap channel models. The requirements are defined for 1 sample measurements based on the simulation results submitted by the companies.
Observation 1: UE can be configured to perform reduced number of samples based RSTD/UE Rx-Tx measurement when also configured to perform associated carrier phase measurement.
Observation 2: UE can be configured to perform 4-sample RSTD/UE Rx-Tx measurement when also configured to perform associated carrier phase measurement.
Proposal 3: Accuracy requirements for RSCPD and RSCP measurements in FR1 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	15
	≥ 24

	
	≥ 52

	
	≥ 104

	30
	≥ 24

	
	≥ 48

	
	≥ 132

	60
	≥ 24

	
	≥ 64

	
	≥ 132


 
Proposal 4: Accuracy requirements for RSCPD and RSCP measurements in FR2 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	60
	≥ 24

	
	≥ 64

	
	≥ 132

	120
	≥ 32

	
	≥ 64

	
	≥ 128



Proposal 5: Define DL RSCPD measurement accuracy requirements for side condition (-6, -13) dB if RSTD measurement is done over 4 samples.
Proposal 6: RAN4 to discuss if the test cases to validate UE capability to meet the core requirement for carrier phase measurement needs to be defined.
Proposal 7: RAN4 to define test cases to validate UE capability to meet the performance requirement defined for carrier phase measurement.
Proposal 8: DL-RSCPD measurement report mapping table is defined as:
	Reported value
	Measured quantity value (DL-RSCPD)
	Unit

	DL-RSCPD_0000
	-180 ≤ DL-RSCPD < -179.9
	Degree

	DL-RSCPD_0001
	-179.9 ≤ DL-RSCPD < -179.8
	Degree

	DL-RSCPD_0002
	-179.8 ≤ DL-RSCPD < -179.7
	Degree

	…
	…
	…

	DL-RSCPD_1798
	-0.2 ≤ DL-RSCPD < -0.1
	Degree

	DL-RSCPD_1799
	-0.1 ≤ DL-RSCPD < 0
	Degree

	DL-RSCPD_1800
	0 ≤ DL-RSCPD < 0.1
	Degree

	DL-RSCPD_1801
	0.1 ≤ DL-RSCPD < 0.2
	Degree

	DL-RSCPD_1802
	0.2 ≤ DL-RSCPD < 0.3
	Degree

	…
	…
	…

	DL-RSCPD_3598
	179.8 ≤ DL-RSCPD < 179.9
	Degree

	DL-RSCPD_3599
	179.9 ≤ DL-RSCPD < 180
	Degree



Proposal 9: DL-RSCP measurement report mapping table is defined as:
	Reported value
	Measured quantity value (DL-RSCP)
	Unit

	DL-RSCP_0000
	0 ≤ DL-RSCP < 0.1
	degree

	DL-RSCP_0001
	0.1 ≤ DL-RSCP < 0.2
	degree

	DL-RSCP_0002
	0.2 ≤ DL-RSCP < 0.3
	degree

	…
	…
	…

	DL-RSCP_3598
	359.8 ≤ DL-RSCP < 359.9
	degree

	DL-RSCP_3599
	359.9 ≤ DL-RSCP < 360
	degree



Proposal 10: UL-RSCP measurement report mapping table is defined as:
	Reported value
	Measured quantity value (UL-RSCP)
	Unit

	UL-RSCP_0000
	0 ≤ UL-RSCP < 0.1
	degree

	UL-RSCP_0001
	0.1 ≤ UL-RSCP < 0.2
	degree

	UL-RSCP_0002
	0.2 ≤ UL-RSCP < 0.3
	degree

	…
	…
	…

	UL-RSCP_3598
	359.8 ≤ UL-RSCP < 359.9
	degree

	UL-RSCP_3599
	359.9 ≤ UL-RSCP < 360
	degree
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Annex
Table 4. FR1, AWGN, 1 sample, RSCPD, (-3, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	15
	≥ 24
	-13.24
	13.02

	
	≥ 52
	-6.88
	6.98

	
	≥ 104
	-5.13
	5.22

	30
	≥ 24
	-12.98
	13.52

	
	≥ 48
	-6.98
	7.29

	60
	≥ 24
	-14.17
	13.44



Table 5. FR2, AWGN, 1 sample, RSCPD, (-3, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	60
	≥ 24
	-14.30
	13.50

	
	≥ 64
	-6.24
	6.26

	
	≥ 132
	-4.45
	4.21

	120
	≥ 32
	-15.67
	14.95

	
	≥ 64
	-7.00
	6.82



Table 6. FR1, AWGN, 1 sample, RSCPD, (-6, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	15
	≥ 24
	-12.50
	11.85

	
	≥ 52
	-7.53
	7.41

	
	≥ 104
	-5.28
	5.44

	30
	≥ 24
	-12.31
	12.47

	
	≥ 48
	-7.51
	7.86

	60
	≥ 24
	-12.84
	12.82



Table 7. FR2, AWGN, 1 sample, RSCPD, (-6, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	60
	≥ 24
	-13.06
	12.88

	
	≥ 64
	-6.55
	6.64

	
	≥ 132
	-4.62
	4.51

	120
	≥ 32
	-13.76
	13.29

	
	≥ 64
	-7.29
	7.18



Table 8. FR1, AWGN, 1 sample, RSCPD, (0, -6)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	15
	≥ 24
	-4.47
	4.62

	
	≥ 52
	-2.87
	2.90

	
	≥ 104
	-2.10
	2.10

	30
	≥ 24
	-4.56
	4.68

	
	≥ 48
	-3.14
	3.16

	60
	≥ 24
	-5.40
	5.23



Table 9. FR2, AWGN, 1 sample, RSCPD, (0, -6)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	60
	≥ 24
	-5.33
	5.38

	
	≥ 64
	-3.14
	3.05

	
	≥ 132
	-2.15
	2.08

	120
	≥ 32
	-5.93
	6.02

	
	≥ 64
	-3.86
	3.98



Table 10. FR1, Two-tap channel model, 1 sample, RSCPD, (-3, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	15
	≥ 24
	-15.26
	14.97

	
	≥ 52
	-10.63
	9.64

	
	≥ 104
	-7.61
	7.18

	30
	≥ 24
	-15.23
	13.69

	
	≥ 48
	-9.58
	9.94

	60
	≥ 24
	-15.74
	16.02



Table 11. FR2, Two-tap channel model, 1 sample, RSCPD, (-3, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	60
	≥ 24
	-15.80
	15.98

	
	≥ 64
	-8.53
	8.43

	
	≥ 132
	-5.93
	5.66

	120
	≥ 32
	-18.85
	17.72

	
	≥ 64
	-9.36
	9.34




Table 12. FR1, Two-tap channel model, 1 sample, RSCPD, (-6, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	15
	≥ 24
	-13.73
	14.13

	
	≥ 52
	-11.02
	10.25

	
	≥ 104
	-7.43
	7.50

	30
	≥ 24
	-13.33
	12.94

	
	≥ 48
	-9.53
	10.16

	60
	≥ 24
	-14.64
	14.69



Table 13. FR2, Two-tap channel model, 1 sample, RSCPD, (-6, -13)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	60
	≥ 24
	-14.36
	14.92

	
	≥ 64
	-8.79
	8.64

	
	≥ 132
	-5.83
	5.59

	120
	≥ 32
	-15.33
	15.16

	
	≥ 64
	-9.23
	9.35



Table 14. FR1, Two-tap channel model, 1 sample, RSCPD, (0, -6)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	15
	≥ 24
	-7.60
	7.43

	
	≥ 52
	-6.81
	6.26

	
	≥ 104
	-4.97
	4.65

	30
	≥ 24
	-6.18
	5.80

	
	≥ 48
	-4.83
	5.16

	60
	≥ 24
	-6.67
	7.14



Table 15. FR2, Two-tap channel model, 1 sample, RSCPD, (0, -6)dB.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSCPD
	95%-ile RSCPD

	60
	≥ 24
	-6.54
	7.02

	
	≥ 64
	-4.57
	4.48

	
	≥ 132
	-3.09
	2.95

	120
	≥ 32
	-7.34
	7.28

	
	≥ 64
	-5.65
	5.57
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